Abstract -The paper is aimed at proffering an alternative means to the meteorological measuring stations by generating models for average instant solar radiation as a function of instant average temperature at places where measurement are not available. The data were processed using Microsoft excel software programming and regression analysis to generate a set of models for both morning and afternoon sessions of instant solar radiation of Ogbomoso as a function of temperature. In order to validate these models, statistical indicators like RMSE, MBE and MPE were used. The value of RMSE, MBE and MPE statistical indicators for morning and afternoon set of data were calculated to be 0.001219, -0.0000002, 0.0059% and 0.00033769, -0.00171225, -4.82%, respectively. From the t-test statics, percentage error between the measured and calculated values of instant average temperature, it is revealed that the set of models in this work can adequately be used in place of the data from the measuring stations since there is complementary relationship between the measured and the calculated instant solar radiation of Ogbomoso. And this modelling result could be used in the estimation of instant solar radiation at locations where measurements are not available to design high performance solar radiation related devices.
Introduction
Energy is the motive force behind the continual technological improvement of any nation and Nigeria is blessed with reasonably high quantities of various energy resources [1] . The time needed to develop a new source of energy, such as solar energy, can be provided through the conservation of energy resources. Solar radiation passing through the atmosphere to the ground surface is known to be depleted through scattering, reflection and absorption by the atmospheric constituents like air molecules, aerosols, water vapour, ozone and the clouds. In any conversion of solar energy, the understanding of global solar radiation is essential in achieving a quality design and the expectation of the system performance. Practically, solar radiation data is the most important parameter in the design and evaluation of solar energy devices. An accurate knowledge of solar radiation distribution at a particular geographical location is of vital importance for surveys in agronomy, hydrology, eulogy and sizing of the photovoltaic or thermal solar systems and estimates of their performance. To collect the solar radiation data, a system of solar maintaining station fitted out with pyranometer and data gain system are generally founded in the desired locations which is used by researchers to extrapolate values for places of similar climatological and geographical characteristics at which solar records are unavailable. A Few numbers of such stations are in Nigeria and insufficient to present reports of solar radiation on desired locations especially in developing countries. This is due to their inability to afford the measuring equipment and lack of maintenance and calibration of the equipment. In other to solve this problem an approach is used here to model an equation to estimate instant solar radiation as a function of instant average temperature to be used in places where measurement are not available. Instant temperature is easy to measure using digital thermometer which is affordable. Another approach is comparing the global solar radiation to climatological data at the location where the data is collated. The first empirical correlation using sunshine hours for estimation of solar radiation was proposed by Angstrom [2] . This model was later modified by Prescott and Page [2] [3] [4] in which the model is given as:
Where H is the monthly average daily global radiation on horizontal surface, Ho is the monthly average daily extraterrestrial radiation, S is the length of the day, So is the maximum possible sunshine duration, and a and b are constants. Since this development, there have been other models such as Rietveld, Bahel, Glover, Hay and Grag models [5] . Akpabio et al. [6] developed the quadratic form of Angstrom-Prescott model and used it to estimate the global solar radiation at Onne, Nigeria (latitude 4° 46΄ N, Longitude 7° 10΄ E). Multi-linear polynomial form of the AngstromPrescott model was employed by Agbo et al. [7] to estimate global solar radiation at Minna, Nigeria. Various other models employing other meteorological parameters with one or more variables with solar radiation have also been used. The estimation of the solar radiation at Uturu in Nigeria was carried out using an equation relating solar radiation and temperature [8] . Agbo [9] had also estimated 'global' solar radiation at Onitsha using regression analysis and artificial neural network models with the attendant parameters of temperatures and relative humidity. Here in this work, models were formulated using a simple method and statistical indicators such as (RMSE, MPE, MSE, r and r 2 ), curve tracing, t-test statistics, were used to validate the models estimated.
Materials and Methods
The monthly mean daily data for maximum ambient temperature and the solar radiation data for Ogbomosho were collected from the Archives of the Nigerian Meteorological Agency (NIMET), Lagos, Nigeria. The data obtained covered a period of a year for Ogbomoso at Latitude 8.3 o and Longitude 4.3 o . The data obtained were processed to hourly average in preparation for the correlation between instant solar radiation and instant average temperature.
Some given temperature comprises of two values, so we cannot get the solar radiation as a single valued function of temperature for these data. In other to obtain radiation as the function of temperature, we use Excel software program to break down the data at the turning point and get relation of instant solar radiation with instant temperature for morning hours and evening hours separately. Percentage errors will be estimated between the values obtained from the Metrological centre and the values predicted by the developed equation.
The comparison methods
In this study, evaluation of the accuracy of estimated data from the above described models is done using the following statistical tests, MBE, RMSE, mean percentage error (MPE) and coefficient of correlation (r). Correlation between predicted and measured values is tested using Curve tracing process.
The root mean square error, mean bias error and mean percentage error
The Root Mean Square Error (RMSE) (also called the root mean square deviation, RMSD) is a frequently used measure of the difference between values predicted by a model and the values actually observed from the environment that is being modelled. These individual differences are also called residuals, and the RMSE serves to aggregate them into a single measure of predictive power. The accuracy of the estimate depends on the lower value of RMSE. However, an increase in RMSE can be caused by a few large errors in the sum. Obviously, every single test may not be a suitable indicator of a pyranometer's performance. It is possible to have a large RMSE value and simultaneously a small MBE (a large scatter about the line of perfect measurement) or possibly vice-versa i.e a small RMSE and large MBE (consistently small over-or under measurement). Although these statistical indictors generally gives a reliable procedure to compare models, but do not accurately indicate whether a model's measures are statistically significant, that is, not significantly different from their predicted counterparts. In this article, t-statistic was used as an additional statistical indicator. This statistical indicator enables models to simultaneously compare and indicates whether or not a model's measures are statistically valid at a particular reliable level [10] . It was seen that the t-statistic used in addition to the RMSE and MBE gave more reliable and explanatory results [11] .
A positive value of mean bias error (MBE) shows an overestimate while a negative value an under-estimate by the model and the lower the value for a particular model, the better the performance. This test gives information on the long-term performance
The mean percentage error (MPE) gives long term performance of the examined regression equations, a positive MPE values provides the averages amount of overestimation in the calculated values, while the negatives value gives underestimation. A low value of MPE is desirable [12] .
Where K TP is the predicted value K TM is the measured values and n is the total number of observations.
The t-Statistics Test
In one of the tests for mean values as defined by a student [13] , the random variable t with n−1 degrees of freedom may be written as follows:
The smaller the value of t, the better is the performance. To determine whether a model's estimates are statistically significant, one simply has to determine, from standard statistical tables, the critical t value, i.e. tα/2 at α level of significance and (n−1) degrees of freedom. For the model's estimates to be judged statistically significant at the (1−α) confidence level, the calculated t value must be less than the critical value. Figure 1 shows a plot of instant solar radiation and instant average temperature for the year 2012. It is obvious that extraction of data here may be difficult. Therefore, in other to simplify the process, the data were grouped as mentioned in previous section. From Table 1 , there are two values for some given temperature. So it is difficult to get solar radiation as a single valued function of temperature for these data. In other to get the radiation as the function of temperature, we then break the data at the turning point and get relation of instant solar radiation with instant temperature for morning hours and evening hours separately by using Microsoft Excel. The relation between the instant solar radiation and instant temperature is to be developed for morning data where 7.00 AM to 11.00AM were taken. And the relation between the instant solar radiation and instant temperature is to be developed for afternoon data where 12.00 PM to 7.00PM were taken. The data were shown as in the given Table 2 The corresponding equation as shown in Equation 7 from the graph in Figure 3 is obtained from the software used given as (7) Table 4 and 5 provide the value of Wmea measured, Wcal calculated and the percentage error from the estimated equations for morning and afternoon hours. This is to test for the validity of both morning and afternoon models obtained. As observed from Table 4 and 5, we have a very minimal percentage error and the equation obtained may be taken as valid. From Table 4 , it was also observed that there is a normal trend of the temperature values and the solar radiation values from 7:00 am to 11:00 am and also no repetition in the values of both the temperature and the solar radiation measured which gives a high validity of the model estimated from Figure 2 .
Results and Discussion
The graphs in Figure 4 and Figure 5 show the degree of correlation between the measured values gotten from the meteorological centre and the predicted values from the regression analysis. And as evident from curve tracing graphs in Figure 4 and Figure 5 for morning and afternoon hours, respectively, proved the correlation between the measured values and the calculated values of the instant average solar radiation and validity of the estimated model. From Table 6 , it was observed that there is no significant difference in the temperature and solar radiation measured for a particular time throughout the year which gives constant values for both the temperature and the solar radiation. The curve tracing graph for afternoon hours shown in Figure 5 give a greater RMSE value and simultaneously a smaller MBE (a large scatter about the line of perfect measurement). The t-test statistics was used to test for the validity of the estimated models at a confidence level of 95% where the H o -= 0) since our t cal is greater than t tab for both morning and afternoon hours. It is observed in the curve tracing graph for afternoon hours that it is scatter which can be caused due to error in the measurement. Error in measurement of solar radiation values can be arise from early morning dew deposition, directional error, shadowing over the sensor and so caused any errors in the measurement or thermopile sensor not responding to radiation atmosphere. The dome made from one or two layers of ground and polished optical glass or acrylic plastic that shields the thermopile sensor from convection at the period of extremely high temperature because loss of heat due to convection which can reduce the solar radiation measured by the pyranometer and also the desiccants which eliminates air movement and dirt that might affect the measurements. The aim of this work is to propose models for instant solar radiation using instant average temperature of Ogbomoso, in Nigeria and the significance of the models is for the estimation of instant solar radiation at places where measurement are not available to design high performance solar radiation related devices. 
Conclusion and Recommendation
The models estimated in this work for the morning and afternoon hours can be used as another method for measuring the values of solar radiation measure using pyranometer for places of similar climatological and geographical characteristics at which solar records are unavailable. This will solve the problem of insufficient number of meteorological stations in Nigeria which is due to their inability to afford the measuring equipment and lack of maintenance and calibration of the equipment. Instant temperature is easy to measure using digital thermometer which is affordable. But this study is only limited to one year data for a particular geographical location. Instant value included in solar radiation and instant temperature values are essential data for design and efficient functioning of various solar thermal and photovoltaic devices. This will also allow user of the data to track information of solar radiation data in Ogbomoso.
For successive development of such types of empirical relations estimating models on the effects of sky clearness index, cloud cover and wind velocity, relative humidity may also be taken into account in developing the relationship for Ogbomoso area. In this study only one year of area data have been used. Validation using sufficient large amount of data for a longer period of years is required for wider application of the method.
